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ABSTRACT
Background: Despite abundant sunlight, rickets and osteomalacia
are prevalent in South Asian countries. The cause of this paradox
is not clear.
Objective: The objective was to assess 25-hydroxyvitamin D
[25(OH)D] status and its functional significance in appar-
ently healthy subjects residing in Delhi, a city in the northern
part of India.
Design: Serum 25(OH)D, total calcium, inorganic phosphate,
alkaline phosphatase, intact parathyroid hormone, and 1,25-
dihydroxyvitamin D [1,25(OH)2D] were measured in groups of
healthy subjects who differed with respect to variables relevant
to vitamin D and bone mineral metabolic status, such as direct
sunlight exposure, season of measurement, skin pigmentation,
dietary calcium and phytate contents, and altered physiologic
states such as pregnancy and neonatal age.
Results: All groups except one with maximum direct sunlight
exposure had subnormal concentrations of 25(OH)D. The
25(OH)D-deficient groups tended to have an imbalance in bone
mineral metabolic homeostasis when exposed to winter weather
and low dietary calcium and high dietary phytate, with signifi-
cantly low calcium and elevated intact parathyroid hormone con-
centrations, chemical osteomalacia, or both. Increased values of
1,25(OH)2D during pregnancy did not help correct the imbalance
in bone mineral metabolic homeostasis.
Conclusion: Healthy subjects with low 25(OH)D concentrations
are at risk of bone mineral metabolic imbalance when exposed to
factors that strain bone mineral homeostasis. Am J Clin Nutr
2000;72:472–5.
KEY WORDS 25-Hydroxyvitamin D, 25(OH)D, calcium
homeostasis, South Asians, pregnancy, newborn, skin pigmenta-
tion, vitiligo, sunshine, intact parathyroid hormone, 1,25-dihydrox-
yvitamin D, 1,25(OH)2D
INTRODUCTION
In 1973 Hodgkin et al (1) reported that osteomalacia resulting
from vitamin D deficiency was uncommon among Punjabis in
India, in contrast with Punjabis in Britain. The investigators
explained the disparity by the difference in sunlight exposure in
the 2 populations. Since then, no studies have assessed the vita-
min D status of healthy persons living in the tropical and sub-
tropical regions of India and other South Asian countries with
use of modern techniques and indexes (2–5). Such studies are
relevant in view of the prevalence of osteomalacia and rickets in
the region (6) and the now known role of melanin in inhibiting
the dermal synthesis of vitamin D (4, 7).
Previously, we reported very low values of serum 25-hydrox-
yvitamin D [25(OH)D] both in healthy subjects and in patients
with hyperparathyroidism from the city of Delhi (8). Vitamin D
deficiency was also reported among pregnant women in Karachi,
Pakistan (9). In the present study, we measured serum 25(OH)D,
1,25-dihydroxyvitamin D [1,25(OH)2D], intact parathyroid hor-
mone (PTH-i), total calcium, inorganic phosphate, and alkaline
phosphatase activity in 6 groups of healthy subjects from Delhi
who were selected on the basis of differentiating features rele-
vant to vitamin D status.
SUBJECTS AND METHODS
After we obtained informed consent, we consecutively studied
123 healthy subjects belonging to the following 6 distinct groups:
physicians and nurses, who were studied both in the winter and in
the summer (n = 11 men and 8 women); soldiers (n = 31 men);
depigmented persons (n = 10 men and 5 women; 9 with vitiligo uni-
versalis and 6 with albinism); pregnant women belonging to a poor
socioeconomic class (n = 29; annual income <30000 rupees/y); and
the newborn children of the pregnant women (n = 29). Subjects
were evaluated clinically to rule out metabolic bone disease,
chronic hepatic and renal disorders, and other vitamin and min-
eral deficiencies. Subjects taking vitamin and mineral supple-
mentation or any drugs or sunscreens were excluded.
Three groups were studied in the winter: the soldier group, the
depigmented group, and the physician and nurse group, and
3 groups were studied in the summer: the pregnant group, the
newborn group, and the physician and nurse group. The physi-
cian and nurse group was studied in both winter and summer to
evaluate the effect of seasonal variation on vitamin D status.
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Direct sunlight exposure was assessed by documenting aver-
age duration of exposure and percentage of the surface area of
the body exposed daily (11). The average duration of cloud-free
sunshine during the year of this study was 3.1 h/d in the winter
(December to February 1997–1998) and 7.1 h/d in the summer
(April to July 1998) in Delhi [28.35 N and 77.12 E with zenith
angle of 84.5 in peak summer and 38.5 in peak winter (Mete-
orology Department, Delhi)]. The ground surface of Delhi
receives 4 MED (minimal erythemal dose) of ultraviolet radi-
ation/d during the summer and only 1 MED/d in the winter
(10). The skin pigmentation of the subjects was classified visu-
ally as dark, wheatish, or fair. In all groups except the depig-
mented group, the proportion of subjects in each pigment cat-
egory was not significantly different, with > 60% of subjects in
each group having a wheatish complexion. The depigmented
group was studied in reference to the other groups to evaluate
the effect of skin pigmentation.
Nutritional status was assessed by estimating the average
composition of the daily diet in terms of energy, carbohydrate,
protein, fat, calcium, and phytate (phytin-P) by use of a semi-
quantitative food-frequency questionnaire (12) and published
data on the nutrient composition of Indian food (13). Dairy prod-
ucts and food fats are not fortified with vitamin D in India.
Blood samples were collected without venostasis from the dif-
ferent groups under basal conditions and cord blood was col-
lected on ice from the newborns for estimations of serum
25(OH)D, 1,25(OH)2D, PTH-i, total calcium, inorganic phos-
phate, and alkaline phosphatase activity. The serum was sepa-
rated in a refrigerated centrifuge at 1200  g for 15 min at 4 C,
aliquoted, and stored at 20 C until analyzed. Serum PTH-i
could be measured only in groups studied in the winter. Serum
total calcium, inorganic phosphate, and alkaline phosphatase
were measured by methods described previously (8). Serum sam-
ples from pregnant women group were heated at 65 C for 30 min
before alkaline phosphatase estimation to exclude placental
isoenzyme activity (14). Serum 25(OH)D [reference range
(2 SDs): 22.2–116.5 nmol/L] and PTH-i [reference range
(2 SDs): 13–54 ng/L] were measured by radioimmunoassay and
immunoradiometric assay, respectively (catalog no. 68100 and
26100; Incstar Corporation, Stillwater, MN). 1,25(OH)2D concentra-
tions were estimated by Quest Diagnostics (Nichols Institute, San
Juan Capistrano, CA). Briefly, the assay involved extraction with
hexane-isopropanol followed by Sep-Pak C18 purification (Milli-
pore, Milford, MA). Quantification was done by adopting a
nonequilibrium radiobinding assay by using 1,25(OH)2D recep-
tors from calf thymus (15). The normal reference range, sensitiv-
ity, and intra- and interassay variations were 36–144 pmol/L, 4.8
pmol/L, and 8% and 13%, respectively. The 1,25(OH)2D assay
could be performed only in a representative subset of 19 subjects
each in the 3 groups studied in the summer.
Data are presented as means ± 1 SD. One-way analysis of
variance was used to establish whether differences existed within
study groups. If a significant difference was found, a multiple
comparison test was performed with a Bonferroni post hoc test
to analyze differences between the study groups. P values < 0.05
were considered significant. The paired t test was used to com-
pare differences in indexes between summer and winter in the
physician and nurse group. Pearson and Spearman rank tests
were used for correlation analysis as appropriate.
RESULTS
The study groups’ mean ages, sunlight exposure, and serum
values of 25(OH)D, 1,25(OH)2D, PTH-i, total calcium, inor-
ganic phosphate, and alkaline phosphatase are summarized in
Table 1.  The physician and nurse group and the soldier group
were normal nutritionally in terms of their body mass indexes.
The mean daily dietary energy, carbohydrate, fat, and protein
intakes of the physician and nurse and soldier groups, respec-
tively, were 8217 ± 1857 and 14 875 ± 2363 kJ, 297 ± 60 and
478 ± 114 g, 60 ± 16 and 85 ± 25 g, and 59 ± 13 and 100 ± 28 g.
The dietary energy, carbohydrate, fat, and protein intakes of
these 2 groups were normal according to Indian normative data
published by the Indian Council of Medical Research (ICMR)
(12). All the groups consumed predominantly vegetarian diets
and ate meat only 2–3 times/wk. Fish was a rare diet item. The
mean dietary calcium contents of the physician and nurse group
and the soldier group were not significantly different. There
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TABLE 1
Clinical characteristics, sun exposure, and serum concentrations of vitamin D and related variables in the study groups1
Physicians Depigmented Physicians Pregnant
Soldiers and nurses persons and nurses women Newborns
(winter) (winter) (winter) (summer) (summer) (summer)
Variable (n = 31 M) (n = 11 M, 8 F) (n = 10 M, 5 F) (n = 11 M, 8 F) (n = 29 F) (n = 16 M, 13 F)
Age (y) 25 ± 5b 23 ± 5b 43 ± 16a 24 ± 4b 23 ± 3b —
BMI (kg/m2)
Men 21.2 ± 2.0b 22.3 ± 2.8b 24.2 ± 4.4a 22.3 ± 2.8b — —
Women — 20.0 ± 1.7b 24.0 ± 5.0a 20.0 ± 1.7b 18.7 ± 2.4b —
Calcium intake (mg/d) 1104 ± 666a 879 ± 165a,b 980 ± 300a,b 879 ± 165a,b 345 ± 78b —
Dietary phytate:calcium 0.96 ± 0.40b 0.74 ± 0.42b 0.82 ± 0.5b 0.74 ± 0.42b 1.69 ± 1.1a —
Sun exposure (min/d) 370 ± 30a 25 ± 5b 5 ± 5c 25 ± 5b 25 ± 5b —
25(OH)D (nmol/L) 47.17 ± 11.73a 7.98 ± 3.49d 18.2 ± 11.23b,c 17.97 ± 7.98b,c 21.9 ± 10.73b 16.72 ± 4.99c
1,25(OH)2D (pmol/L) ND ND ND 93.6 ± 29.0b 160.8 ± 59.0a 114.5 ± 55.4b
PTH-i (ng/L) 17.6 ± 4.8b 38.8 ± 18.2a 35.3 ± 12.6a ND ND ND
Total calcium (mmol/L) 2.35 ± 0.17a 2.17 ± 0.10b 2.22 ± 0.10a 2.25 ± 0.3a,b 1.92 ± 0.27c 2.17 ± 0.10b
Inorganic phosphate (mmol/L) 1.22 ± 0.13 1.16 ± 0.16 1.19 ± 0.13 1.22 ± 0.23 1.16 ± 0.32 1.32 ± 0.32
Alkaline phosphatase (KAU) 7.9 ± 3.0c 6.4 ± 1.8c 8.4 ± 3.4c 6.4 ± 2.3c 14.0 ± 10.0b 19.9 ± 15.3a
1 x– ± SD. 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D; PTH-i, intact parathyroid hormone; KAU, King-Armstrong units;
ND, not done. Values in the same row with different superscript letters are significantly different, P < 0.05.
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was no significant difference in dietary composition in the
physician and nurse group between winter and summer. The
daily energy, carbohydrate, fat, and protein intakes of the
depigmented group were 8055 ± 1727 kJ, 277 ± 59 g, 65 ± 22
g, and 58 ± 20 g, respectively, and were also in the normal
range prescribed by the ICMR.
The diet of the pregnant group was deficient in energy
(6903 ± 1673 kJ) and protein (40 ± 10 g) with reference to the
ICMR recommendations of 17 043 kJ and 65 g protein daily
(13). The mean carbohydrate and fat contents of the pregnant
group’s diet were 268 ± 88 and 45 ± 14 g, which were signifi-
cantly less than the corresponding intakes of the soldier group.
The mean calcium content of the pregnant group’s diet was also
significantly less than that of the soldier group’s and was far
less than the ICMR recommended daily allowance for pregnant
women in India (1000 mg).
The mean ratio of phytate to calcium in the daily diet of the
physician and nurse, soldier, and depigmented groups was not
significantly different. However, the pregnant group had a signi-
ficantly higher ratio than did all other groups.
In the winter, the mean direct sunlight exposure of the soldier
group was significantly higher (because of daily outdoor physi-
cal training) than that of the physician and nurse group. The
depigmented group (the other group studied in the winter) had
negligible sunlight exposure (5 ± 5 min) by preference. The aver-
age body surface area exposed in all 3 groups studied in the win-
ter was 10% (face and hands only). In the summer, the mean
duration of direct sunlight exposure in the physician and nurse
and pregnant groups was 25 ± 5 min. However, the skin surface
area exposed to direct sunlight during this time was 20% as a
result of summer dress.
Mean 25(OH)D concentrations varied among the different
study groups and were related to direct sunlight exposure and
skin pigmentation. The highest mean 25(OH)D concentration was
measured in the soldier group. The physician and nurse group,
which had significantly less sunlight exposure than did the soldier
group, also had significantly lower 25(OH)D concentrations.
Interestingly, the depigmented group, for whom sunlight expo-
sure was significantly lower than for the physician and nurse
group in the winter, had significantly higher 25(OH)D values than
in the physician and nurse group, presumably because of absent
skin pigmentation. However, 25(OH)D concentrations in both the
physician and nurse and depigmented groups were significantly
lower than those in the soldier group and far below the mean val-
ues reported in healthy whites with use of the same kit.
When restudied in the summer, the physician and nurse group
had significantly higher 25(OH)D concentrations than in the
winter. There was no significant difference in mean 25(OH)D
between the pregnant and the physician and nurse groups in the
summer. The mean cord blood 25(OH)D concentration of the
newborns was significantly lower than that of the pregnant
group. Correlative analysis of 25(OH)D values in pregnant
women and their neonates showed a significant positive correla-
tion between the 2 variables (r = 0.7934, P < 0.001).
In the winter, the mean serum total calcium concentration
measured in the soldier and depigmented groups was signifi-
cantly higher than that in the physician and nurse group. The
corresponding mean values of PTH-i were significantly lower in
the soldier group than in the physician and nurse and depig-
mented groups. There was no significant difference in mean
inorganic phosphate and alkaline phosphatase values among the
3 groups studied in the winter. The mean serum total calcium
concentration measured in the physician and nurse group in the
summer tended to be higher than the mean measured in the same
group in the winter. Serum inorganic phosphate and alkaline
phosphatase values did not differ significantly between winter
and summer.
In the summer, the mean serum total calcium concentration
(adjusted for serum albumin) measured in pregnant women was
significantly lower than that in the physician and nurse group. This
was associated with significantly higher mean serum alkaline
phosphatase values in the pregnant group than in the physician and
nurse group. The mean serum total calcium concentration in cord
blood of newborns was significantly higher than maternal serum
total calcium. There was a significant positive correlation between
maternal and cord blood total calcium values (r = 0.5129, P <
0.05). There was no significant difference in serum inorganic
phosphate between the 3 groups studied in the summer.
In the summer, the physician and nurse and newborn groups
had significantly lower mean 1,25(OH)2D concentrations than
did the pregnant group. Correlative analysis showed a positive
correlation between cord blood and maternal 1,25(OH)2D values
(r = 0.4527, P = 0.059).
When the serum 25(OH)D and calcium values of all the sub-
jects studied in the different groups, in both summer and winter,
were pooled and analyzed, a significant direct relation was found
between the 2 variables (r = 0.1769, P = 0.036). When PTH-i and
25(OH)D values measured in all 3 groups studied in the winter
were pooled, a significant inverse relation was found between
25(OH)D and PTH-i (r = 0.6303, P < 0.001). Analysis of the
PTH-i and serum total calcium values obtained from all 3 groups
studied during the winter showed a significant inverse relation
between the 2 variables (r = 0.4281, P < 0.01).
DISCUSSION
The reported paradox of the prevalence of rickets and osteo-
malacia in the sun-drenched South Asian countries remains
unexplained. Recent reports of low 25(OH)D concentrations in
healthy subjects resident in South Asia (8, 9) and elsewhere in
the tropics (16, 17) question the functional relevance of
25(OH)D measurement. The present study addressed some of
these issues. We can draw the following conclusions from our
comparative analysis of 25(OH)D and related bone mineral
metabolic variables in the groups of healthy subjects:
1) Although dietary intakes of calcium and phytate were not
significantly different, the soldier group had significantly
higher serum 25(OH)D and total calcium and significantly
lower PTH-i concentrations than did the physician and nurse
group in the winter. This finding may be explained by the
significantly longer duration of direct sunlight exposure in
the soldier group.
2) Compared with the physician and nurse group, the depig-
mented group had significantly higher 25(OH)D concentra-
tions despite a shorter duration of direct sunlight exposure.
This observation emphasizes the relevance of pigmentation in
retarding sunlight-mediated dermal vitamin D synthesis (4, 7,
18). However, despite the advantage of absent pigmentation,
the depigmented group was deficient in 25(OH)D with refer-
ence to the mean and range reported in whites with use of the
same assay kit. Matsuoka et al (19) reported lesser efficiency
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of dermal vitamin D synthesis in the head and neck and upper
arm regions than in the trunk and lower limbs in whites. The
present group of depigmented subjects studied in the winter
wore clothing that permitted sunlight exposure of only the
head and neck region and hands. The significantly lower dura-
tion of direct sunlight exposure in the depigmented subjects
may also have contributed to their deficient vitamin D status.
3) The relative normalization of serum calcium in the physician
and nurse group was attained through a PTH-mediated
resorptive process of bone mineral. This becomes evident
when the significantly lower serum total calcium and signifi-
cantly higher PTH-i concentrations in the physician and nurse
group in the winter is viewed in the context of this group hav-
ing the lowest mean value of 25(OH)D and all the groups
studied in the winter showing an inverse relation between
serum 25(OH)D and total calcium on one hand and PTH-i
on the other. Such chronic and insidious PTH-dependent
bone resorption is known to be relevant in the pathogenesis of
osteoporosis (20). On the basis of physical determination of
the porosity of bones obtained at autopsy from accidental
death victims, Ahuja (21) documented significantly lower
bone density in healthy subjects from Delhi than that reported
in developed countries. The relative deficiency of vitamin D
in Delhi with seasonally varying and chronically increased
PTH activity may be causally linked to such relative osteope-
nia among healthy Indians (21).
4) When restudied in the summer, the physician and nurse group
had improved yet still subnormal 25(OH)D concentrations;
there were no seasonal differences of significance in serum
total calcium, inorganic phosphate, and alkaline phosphatase
activity. The pregnant group, which was also studied in the
summer, had significant chemical osteomalacia even though
mean 25(OH)D concentrations were not significantly differ-
ent from those in the physician and nurse group.
Did the deficient calcium and high phytate content of the preg-
nant group’s diet worsen this group’s vitamin D status through the
mechanism proposed by Fraser et al (22)? In view of the deficient
25(OH)D concentrations measured in both the pregnant and the
physician and nurse groups in the summer, it cannot be propounded
that the rate of hepatic metabolism of 25(OH)D was increased in
the pregnant group as a result of increased 1,25(OH)2D generation.
A more plausible explanation is that, in the presence of deficient
25(OH)D, chemical osteomalacia occurred in the pregnant group
as a result of this group’s high calcium requirement and deficient
intake coupled with a high dietary ratio of phytate to calcium. The
relatively high circulating 1,25(OH)2D concentrations would not
optimize calcium absorption in this group.
In summary, despite abundant sunlight, healthy persons in
Delhi remain vitamin D deficient because of skin pigmentation
and inadequate direct sunlight exposure. When exposed to fac-
tors that adversely affect vitamin D and bone mineral meta-
bolic status, an imbalance in bone mineral metabolic homeosta-
sis results. Among such factors, low-calcium, high-phytate
diets; pregnancy; and winter-related reduced sunlight exposure
are important.
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